A pathogenic isolate of infectious bursal disease virus (IBDV) caused persistent and extensive lesions in the bursa but mild and transient lesions in the thymuses of chickens of lines 63 and P. The effect of IBDV on two cellular immune functions, namely, natural killer cell cytotoxicity and mitogenic response, was studied. The natural killer cell activity was not consistently influenced, but the virus, during the first 2 weeks of infection, caused transient depression of the blastogenic response of spleen cells to phytohemagglutinin. Studies on mitogenic hyporesponsiveness revealed that the functional impairment was mediated by a suppressor cell that shared several characteristics with macrophages; i.e., the suppressor cell was adherent to plastic, was phagocytic, and resisted treatment with antithymocyte and antibursa cell sera. Removal of suppressor cells from the spleens of virus-infected chickens resulted in restoration of the mitogenic response of cells. Further, in mixing experiments, the suppressor cell isolated from the spleens of virus-infected chickens also inhibited the mitogenic response of normal spleen cells. We concluded that reduced mitogenic response of lymphocytes in IBDV-infected chickens was not due to a lack of functional T-cells, as suggested previously by others, but was due to macrophage-like suppressor cells.
Infectious bursal disease virus (IBDV), an RNA virus of chickens, causes extensive bursal damage that is usually accompanied by impairment of antibody-synthesizing ability of chickens against a variety of antigens (1, 9, 10, 16-18, 20, 27, 30) . B-cell suppression seems to be age dependent, with most severe depression occurring in chickens that become exposed to the virus within the first 2 weeks of life (18, 26) . Virus infection also results in a decrease in circulating B-cells and immunoglobulin levels (15, 16, 19) .
Pathogenesis studies have shown that IBDV may cause lytic lesions in lymphoid organs other than the bursa of Fabricius (3, 12) . The thymus becomes temporarily depleted of lymphocytes. Infectious virus can be recovered from the thymus of bursectomized or intact chickens during early stages of infection with IBDV (21, 41) .
Some T-cell functions have been recently found to be compromised in IBDV-infected chickens. Peripheral blood leukocytes of IBDV-infected chickens are deficient in blastogenic response to plant lectins (5, 38) and respond poorly against alloantigens in a mixed lymphocyte reaction (38) . The reason for impaired T-cell function is not known, but a direct lytic effect of IBDV on thymus cells (38) or a preponderance of immature, immunologically unreactive lymphocytes (4) has been suspected to be responsible.
In the present study, we examined the effect of IBDV on two in vitro cellular immune functions: the natural killer (NK) cell cytotoxicity against tumor target cells, and the blastogenic response of spleen cells to phytohemagglutinin (PHA) . Further In certain experiments, spleen cells were depleted of phagocytic cells by treatment with carbonyl iron (GAF Corp., New York, N.Y.). For this treatment, 2 x 108 cells were suspended in 15 ml of medium containing 50% fetal bovine serum and 22 mg of carbonyl iron. After 1 h of incubation at 37°C with slow continuous agitation, 15 ml of warm medium was added to the spleen cell-carbonyl iron mixture, and cells that had phagocytised iron particles were removed by passage over a strong magnet six times. These cell fractionation procedures have been described in detail elsewhere (33).
Rabbit antichicken thymocyte serum (ATS) and antibursa cell serum (ABS) rendered specific by exhaustive cross-absorptions (32) were used as described previously (33) .
Experimental design. In experiments 1 to 3, chickens of line 63 or P were inoculated with IBDV at 1 day or 4 weeks of age. Age-matched chickens served as uninoculated controls. Virus-inoculated and control groups were housed separately in isolation cages. At intervals (see Tables 1 to 3 ), four to six chickens each from inoculated and control groups were sampled. Each chicken was examined for histological lesions in the bursa and thymus. Spleens from individual chickens were assayed for NK cell reactivity. Whole blood cells and spleen cells were examined for mitogenic response. The histological lesions were given a score of 1 to 4, based on increasing severity of the lesions (39) .
Experiments 4 to 8 were done in line P chickens. Four-week-old chickens were inoculated with IBDV; 5 days later, pooled (two to four chickens) spleen cells from IBDV-inoculated and uninoculated control chickens were removed and used as a source of responder or inhibitor cells. Thymocytes were from uninoculated control chickens.
RESULTS
Lesions induced by IBDV in chickens of lines 63 and P. In chickens of both lines inoculated with IBDV at 1 day or 4 weeks of age, bursal lesions were pronounced at 5 days postinoculation and persisted through the duration of the experiment (Table 1) . Microscopically, bursal lesions were those of acute inflammation. There was vast destruction of lymphoid cells leading to the formation of follicular cysts, often accompanied by hypertrophy of the interfollicular connective Numbers within parentheses are mean lesion scores; the histological lesions in the bursa and thymus of each chicken were given a score of 1 to 4 based on increasing severity of the lesion. Tissues with no detectable lesions received a score of 0.
tissue. Grossly affected bursas were atrophied, had thin walls, and were grayish. In both lines of chickens, the mean lesion scores remained quite high for the first 4 to 5 weeks of virus inoculation, although in line 63 chickens, in which observations were extended to week 10, the mean lesion score decreased as the chickens became older, particularly when IBDV was inoculated when they were 4 weeks of age.
The virus also induced lesions in the thymuses from both lines of chickens ( Table 1 ). The lesions were transient and were detected during the first 10 days of virus inoculation. Mean lesion scores indicated that lesions were generally quite mild, and comparison of experiment 1 with experiments 2 and 3 indicated that overall lesion scores were lower in line 63 than in line P chickens. In line 63 chickens, the thymus lesions were more prominent when IBDV was inoculated at 4 weeks rather than at 1 day of age. The highest thymus lesion score in the 1-day-old group was 0.4, compared with the highest score of 2.5 in the 4-week-old group. The age at virus inoculation did not seem to influence thymus lesion response in line P chickens. Thymic lesions were more severe in experiment 3 than in experiment 2. Microscopically, thymus lesions were characterized by atrophy of thymic follicles, lymphoid cell necrosis, and hypertrophy of interfollicular connective tissue. Occasionally, affected thymus glands appeared grossly atrophied.
Detection of the above lesions in the bursa and thymuses in experimental chickens indicated that the stock of IBDV used was highly pathogenic and induced expected pathological responses in chickens.
NK cell reactivity. Occasionally, cytotoxic levels in virus-inoculated chickens were higher than in simultaneously tested age-matched uninoculated controls, but this enhancement of activity did not follow a clear pattern and was not consistent in the three experiments shown in Table 2 . In several instances, the NK cell levels were lower in virus-inoculated chickens than in control chickens. From these results, we concluded that under the conditions of the experiments there was no consistent effect of IBDV inoculation on NK cell expression of spleen cells. Table 5 . In experiment 5, IS cell response could be restored by pretreatment of PHA responder cells with carbonyl iron. However, addition of autochthonous adherent cells to iron-depleted IS cells resulted in inhibition of the mitogenic response of IS cells. Addition of autochthonous nonadherent cells or allogeneic thymocytes in ratios proportionate to those of IS and autochthonous adherent cells had no inhibitory effect. Thus, the inhibition noted was mediated by adherent cells and was not merely due to crowding of the responder cell cultures.
We have reported previously that some uninoculated control chickens may also contain adherent cells that interfere with the mitogenic response of control cells (33) . Therefore, in experiment 6 (Table 5) , we compared adherent cells from CS and IS for their inhibitory activities. Addition of IS or adherent IS cells to control responder cells in responder-to-inhibitor cell ratios of 1:1 through 10:1 severely inhibited the mitogenic response of CS cells. Adherent CS cells also inhibited control responder cells, although the inhibitory effect was apparent at responder-to-inhibitor cell ratios of up to 2:1; further reduction in the number of adherent CS cells had no inhibitory effect on CS cell response. This result indicated that although CS cells had adherent cells that suppressed the mitogenic response of responder cells, such suppressor cells were not nearly as reactive as the adherent suppressor cells present with IS cells. Data of experiments 7 and 8 in Table 6 indicated that the adherent cells that mediated suppression of mitogenic response in IS cells were refractory to treatment with ATS and ABS and therefore were probably macrophages.
DISCUSSION
Several important observations on the effect of IBDV on cellular immune functions of chickens were made in this study. First, we noted that under the conditions of the experiments, IBDV infection did not have a consistent effect on NK cell reactivity of chickens. Second, two additional responses to IBDV, namely, lesion induction in the bursa and the thymus and hyporesponsiveness of lymphoid cells to mitogenic stimulation, were similar in chickens of two diverse genetic lines. The mitogenic hyporesponsiveness occurred during early stages (within 2 weeks) of virus infection. Last, and most important, this study established that the inhibition of mitogenic response of spleen cells of virus-infected chickens was mediated by a suppressor cell. The suppressor cell shared several characteristics with macrophages; i.e., the cell was adherent, phagocytic, and was refractory to treatment with ATS and ABS.
NK cells present in normal individuals are an important component of cellular immunity in mammals and may constitute an important first line of defense against disease (13) . Chickens also contain NK cells (7, 22, 25, 35) , and recently we have shown that infection with Marek's disease virus markedly influenced NK cell reactivity of chickens (34) . The reactivity was severely inhibited in susceptible chickens that developed progressive clinical disease, but was enhanced in chickens that were resistant to Marek's disease because of vaccination or genetic background. Because Marek's disease causes general immunodepression both at humoral and cellular levels, we postulated that reduced NK levels in susceptible chickens may be a part of the overall immunodepression. Although IBDV also causes functional impairment of B-and T-cell systems, the results of the present study indicated that the NK cell system seemed spared by the immunosuppressive effects of this IBDV. Of interest also was the observation that IBDV did not consistently boost NK cell levels in chickens. IBDV is a double-stranded RNA virus (28) and has been shown to produce interferon in vivo (8) . Interferon is a potent booster of NK cells in mammals (6) .
An important aspect of this study was to explore mechanisms of the mitogen hyporesponsiveness of T-cells that accompanies infection with IBDV (5, 38) . Because IBDV causes necrotic lesions in the thymus (3, 12) , absolute numbers of circulating T-cells may also decrease after infection with IBDV (37) (23) . Suppressor macrophages also appeared to mediate mitogenic inhibition in chickens infected with these two viruses (24) .
Infectious bursal disease virus has long been suspected to cause depression of cell-mediated immunity in chickens because infected chickens may have enhanced susceptibility to certain other diseases or may respond poorly to vaccines that mediate protection via cellular mechanisms (2, 10, 11) . Studies reported thus far indicate that cellular immunodepressive effects of IBDV may be mild, transient, and reversible and that permanent impairment of cellular functions may be rare. Depression in the PHA response is transient, followed by permanent recovery of this function. Now we have also shown that NK cell activity was not impaired, and, as reported previously by others, neither is the ability of mononuclear cells to phagocytize bacterial antigens (31) or the ability of chickens to reject skin grafts or display delayed-type hypersensitivity reaction (9) .
